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Summary. We present a retrospective study of oc-
cult spinal dysraphism in 47 children aged 0 to
14 years, all studied with plain X-rays, 60% with CT
and myelo-CT, and 40% with MR. We consider the
classification and grading of these malformations,
clinical, neuroradiological patterns, and indications
for surgery. In the light of our findings and of the
published data MR emerges as the key investiga-
tion. Only in a few cases of great anatomical com-
plexity is it now necessary to perform CT and
myelo-CT as well. A case in point is when the
conus and thickened filum terminale are inextri-
cably bound together and can no longer be con-
sidered separate structures. We propose the term
“neurofibrous structure” to define the conus-thick-
ened-filum-terminale unit when these structure are
no longer distinguishable.
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The clinical and radiological diagnosis of spinal dys-
raphism has always been a difficult matter, both be-
cause of the age of onset and because of the com-
plexity of the lesions. The improvement brought
about by CT and by myelo-CT [1-4] scanning in the
neuroradiological diagnosis of spinal dysraphism
has been heightened by the advent of magnetic res-
onance (MR) [5-16]. But althought MR alone often
provides a complete diagnosis, in some cases the
information supplied by myelo-CT scans affords a
more precise assessment of the interrelationships
contracted by the various components of the malfor-
mation [17].

We shall here describe our experience in the diag-
nosis of occult spinal dysraphism (OSD) and associ-
ated developmental mass lesions.

Definition and classification

Spinal dysraphisms are embryopathies comprising a
wide range of heterogeneous central nervous system
(CNS) abnormalities characterized by imperfect dif-
ferentiation and fusion of the dorsal midline struc-
tures: skin cover and aponeurotic muscle, spine,
meninges and neural structures [1, 18-20]. This group
of malformations includes:

Spina bifida aperta. Dorsal herniation of all or part
of the spinal contents (meningocele, myelomening-
ocele, myeloschisis).

Occult spinal dysraphism. The malformation is
covered by skin and does not expose neural tissue or
obvious cystic masses, which, when present, are at-
tributable to lipoma (asymptomatic spina bifida oc-
culta, lipoma, lipomyelomeningocele, diastemato-
myelia, dermal sinus, developmental mass lesions,
tethered cord syndrome, split nothocord syndrome,
caudal regression syndrome, spina bifida anterior).

Embryology

Spinal dysraphisms are the outcome of incomplete
fusion of the neural tube and occur at various stages
of embryogenesis [21, 22]. The anomalous or defec-
tive fusion of one or more layers gives rise to various
anatomical types of spinal dysraphism, which varies
with the importance of the structures involved, the
level and time of onset during embryogenesis.

The formation of the spinal cord and its menin-
ges is the end-result of successive reciprocal stimuli
beginning with the neural plate. Any disturbance of
these stimuli at any stage of embryogenesis causes
dysraphisms, whose severity will depend on the pre-
cocity and extent of the lesion [22].

The sequestration of normal tissue constituents
during fetal development and their subsequent



Table 1. Summary of cases and correlation between some differ-
ent forms of spinal dysraphism

N° Dermal sinus Tethered cord

Lipomas 21 5 20
Lipomyelomeningoceles 10 1 10
Dermoids 1 9 5
Teratomas 2/ 1
Diastematomyelia 2/ 1
Caudal regression s. 1 /

Total 47 15 37

growth will lead to the formation of developmental
mass lesions. According to the germ layer or layers
of which they consist, they will take the form of:
epidermoids (ectoderm), dermoids (ecto-mesoderm),
teratomas (ecto-meso-endoderm) or lipomas (meso-
derm) [1, 10}.

The embryological features of these lesions, often
associated with dysraphic states, have led us to re-
gard them as actual occult spinal dysraphisms.

Patients and method

In the Pediatric Neurosurgery Service of Istituto
G.Gaslini, Genova, we have in the past ten years
seen 47 patients with spinal dysraphisms (Table 1),
their ages ranging from the neonatal period to
14 years,

All the children underwent standard radio-
graphic examination; 60% had myelo-CT scans and
since 1984 MR scans (40%). The CT scans done at
the Gaslini Hospital and in the Neuroradiology Ser-
vice of San Martino Hospital, Genova, were carried
out on Atom 1200' and Somatom DR 2? scanners,
mostly in the axial plane with subsequent recon-
struction; in some cases direct sagittal scans were
taken. The quantity of intrathecal contrast medium
varied with patient age. MR imaging was done
mainly in the San Martino Hospital Neuroradiology
Service (Esatom 1500, 0.15 T resistive magnet unit)
and at the Gaslini Hospital (Esatom 5000%, 0.5T
superconducting magnet unit).

Spin-echo sequences with repetition times of 500,
2000 and echo times of 30/50/100 were used to ob-
tain T1- and T2- weighted images and multi-echo se-
quences with a repetition time of 1500 and echo
times of 30/70/120. Slice thickness was 5, 7 and
10 mm with 4-8 acquisitions. The planes for study
were chosen according to the type of pathology,
starting with sagittal sections, which proved to be es-
sential. We do not use T2-weighted sequences uniess
indispensable because they take much longer and so
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are unsuitable for children who are often uncooper-
ative or sedated. The MR investigation took from 30
to 90 minutes. Some patients arrived with the neu-
roradiological assessment from their local hospital.

Case~material and discussion

Our patients are classified in Table 1. Most OSD re-
quire no treatment in the neonatal period. The
neurological status may remain within normal limits
for a long time and the patients come to observation
at varying stages. Although often benign, OSD may
present a downhill neurological course as time goes
on, and this is unlikely to be reversed if surgical treat-
ment is unduly delayed [23-26].

The patients were assessed clinically on the scale
proposed by Hoffman [27]:
- Grade 0: neurologicaily normal.
- Grade 1: slight neurological deficits, minor foot de-
formities but no gait disturbance. Normal sphincter
function.
- Grade 2: weakness of the lower limbs. Bladder nor-
mal or isolated neurological bladder.
- Grade 3: moderate lower limb deficit with gait dis-
turbances and neurological bladder.
- Grade 4: severe paraparesis and walking only with
support. :
- Grade 5: paraplegia.

Eighteen patients diagnosed and treated surgically
within the first year of life had been graded 0-1 and
showed no clinical deterioration after the operation.

Of the 26 grade 2-3 patients operated on at a later
stage 22 obtained stabilization of the clinical signs,
2 an improvement in walking and 1 experienced
deterioration of sphincter function.

This group includes a few patients who were ini-
tially graded 0 or 1 and who with growth developed
bladder disturbances and progressive difficulty in
walking. Surgical treatment arrested progression of
the symptoms. Two grade O patients with mild OSD
did not receive surgical treatment and are being
regularly monitored clinically and by laboratory and
instrumental tests.

Lipomas [28-34]

Time of onset during embryogenesis: 28th-48th day.

As the table shows, the malformation most fre-
quently associated with OSD is lipoma. It usually
consists of a mass of mature fat tissue, more or less
encapsulated and crossed by fibrous bands which
divide it into lobules [34] (Fig.1a, b); although the
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Fig.1a, b. Lumbosacral intradural lipoma. CT:axial scans.
Markedly hypodense lesion (L) crossed by fibrous bands (arrow)
which divide it into lobules. Enlarged and asymmetrical spinal
canal with schisis of the posterior arch

Fig.2a, b. Bifocal cervicothoracic intradural lipoma. MR: SE T1-
weighted TR 350 - TE 30, sagittal and coronal scans. Giant lesion
with dual localization and homogeneous high signal intensity. The
cranial lipoma causes pronounced widening of the spinal canal, to
the detriment of the posterior arches and of the vertebral bodies,
and a thoracic kyphosis. The spinal cord is imaged on the sagittal

scans but appears on the coronal scans with leftward displace-
ment. The spinal cord at the level of the caudal lipoma is still
visible but is thinned and pushed against the plane of the vertebrae
and discs

Fig.3. Lumbosacral intra- and extraspinal lipoma. MR: TR 600 -
TE 20, Sagittal scans. Bulky subcutaneous lipoma (L) which
through a large cleft enters the spinal canal and subdural space.
The neurofibrous structure is implanted on the lipoma after a
short passage along its ventral wall (arrow). The hypointense
image within the lipoma is due to a CSF cyst



Fig.4a, b. Diffuse lipomatosis. MR: SE T1 - weighted TR 350
TE 30, sagittal scans. Intramedullary areas of increased signal in-
tensity. The lipoma at C4-C5 level causes swelling of the cord. At
conus level the lipoma has an exophytic component that is atta-
ched dorsally to the dura mater {arrow)

Fig.5a, b. Tethered cord and lumbosacral lipomas. MR: RT 500
ET 30, sagittal scans. The spinal cord runs in close contact with the
spinolaminar line, from which it departs only to tether itself to the
upper pole of the lipoma. Marked dilatation of the lumbosacral
spinal canal

most frequent form of OSD, it accounts for less than
1% of primitive intraspinal tumors [28]. Here we
shall consider the variety that Emery and Lendon
[29] in their classification termed leptomyelolipo-
mas: “A bizarre admixture of varying amounts of fat
with the central nervous tissue of the spinal cord,
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dense connective tissue of the dura and a rather
loose vascular tissue of an arachnoid type very com-
mon in association with areas of neurospinal dys-
raphism”.

Lipomas are more commonly found at lumbosa-
cral level [32] but may occur elsewhere along the spi-
nal canal, sometimes being multifocal and of mon-
strous size (Fig.2a, b). They may be totally
intraspinal but commonly possess a subcutaneous
component. Often they are only small outgrowths of
a much larger extraspinal lipoma (Fig.3). Very rarely
they lie totally inside the cord with the appearance of
diffuse lipomatosis (Fig.4a, b).

They are tigthly bound to the conus and there is no
true cleavage plane. Chapman [30] classified lipomas
according to their position and relationship to the
conus as: dorsal (Fig.4b), transitional and caudal
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Fig.6a-d. Lipomyelomeningocele. Myelo-CT: axial scans. a Spi-
nal cord in eccentric position and in close contact with the left
vertebral lamina. Upper portion of the dural sac everted
(M). b Placode (P)and cord (asterisk) in eccentric position and
outside the spinal canal, from where arise roots (arrowheads) with
an abnormal course inside the dural sac (arrows). L:lucent dorsal
lipoma. ¢, d The cord (asterisk) seeks to reposition itself within the
spinal canal. In sum, the cord describes a left-facing convex loop
on the apex of which lies the placode, site of attachment of the
lipoma

Fig.7a-d. Lipomyelomeningocele. Myelo-CT: axial scans. a
Cord on the midline dorsally (arrow). Upper portion of the me-

(Fig.5a,b). Nearlyall our patients had more orless pro-
nounced spina bifida together with complex vertrebral
malformations. The presence of malformed bone is
evidence of the slow growth of these lesions.

—

ningocele (M). b Cord outside the spinal canal (arrow). ¢ Fibrous
band (arrow) uniting the cord to the placode (P). d Fibrolipoma-
tous band (arrow)starting from the neural plate, which divides the
meningocele obliquely

Fig.8a, b. Lipomyelomeningocele. MR: TR 450 - TE 30. Sagittal
and axial scans. Bulky subcutaneous lipoma entering the sacral
canal through a large cleft. Funnel-shaped placode (P) attached to
the upper pole of the intradural lipomatous component, tethered
cord (white arrow), connective-fibrous structures (black arrow-
heads), outpocketings of the dural sac (curved arrows) with over-
lying epidural adipose tissue (thin white arrow), zone of cutaneous
depression due to dystrophic-cicatricial processes (asterisk)

The CT scan always shows a markedly hy-
podense nonenhancing area within the spinal canal,
often combined with spina bifida [1, 23, 31] (Fig.1).
On the MR scan [11, 13, 14, 35] a lipoma appears as a



more or less spherical mass with an intense signal in
the T1-weighted sequences, often within an abnor-
mally enlarged lumbosacral spinal canal [12, 36]. The
spinal cord is implanted on the lipoma often eccen-
trically and away from the spinolaminar line, thus
forming one of the classic patterns of the tethered
cord syndrome (Fig. 5a, b).

Tethered cord

Time of onset during embryogenesis: from the 43rd
day.

Tethered cord is an almost constant features
of the embryonic malformative developmental
sequence (Table 1). The conus is tethered very
low by certain intradural anomalies. New
procedures, especially MR, have spelled out
more clearly the anatomical variants of this malfor-
mation. The most frequent radiological features are:
- Cord tethered by an intra-extradural lipoma
(Figs.3-5)

- Cord tethered dorsally by fibrous bands or by fi-
brolipomatosis (Fig.4)

- Cord tethered to the base of the dura sac by a tight,
thickened fibrous filum terminale (Fig.9)

- Stretching of the thickened, fibrous or fibrolipoma-
tous conus and tethering of it directly ot the sacro-
coccygeal region (Fig. 10).

Lipomyelomeningoceles [1, 4, 14,15, 17, 23, 27]

Time of onset during embryogenesis: 28th-48th day.
Naidich has given a wonderful description [43] of
the features of this class of lesion, but the problems of
diagnosisand precise morphological attribution none-
theless remain rather complex. Lipomyelomeningo-
celes are protean lesions : the meninges are often asym-
metricallyeverted,the cordisnotalways onthe midline
and the placode is rotated and tethered to the lipoma
eccentrically (Fig.6 a-d); fibrous bands are sometimes
present on several planes of the space (Fig. 7 a-d).
Itisin this type of lesion that CT scanning is a valu-
able complement of MR scanning. The malformation
itself is not hard to diagnose but difficulties do some-
times arise regarding its precise morphology and the
interrelations of its various components: cord, placo-
de, root, meninges, lipoma, vertebral column (Fig. 8 a,
b). Sagittal and coronal MR views combined with axial
CT scans with water soluble contrast medium allow a
more detailed analysis of the pathological anatomy.

Diastematomyelia [15, 22, 44-48]

Time of onset during embryogenesis: 16th-17th day.
Diastematomyelia is a complex malformation
characterized by a segmental duplication of the spi-
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nal cord and the formation of two hemicords with a
central canal and a ventral and dorsal horn giving
rise to their respective roots.

The hemicords are split by a bony, fibrous or car-
tilaginous spicule (Diastematomyelia with septum)
[47]. The most frequent site is the thoracolumbar re-
gion. Vertebral body malformations are found in
60% of cases. Diastematomyelia may be associated
with abnormalities or dysmorphisms of the superfi-
cial planes and with other OSD malformations. Co-
ronal and oblique MR scans are especially helpful in
the study of this dysraphism, supplying a clear and
detailed image of the site and extent of the cleft, of
the morphology and dimension of the two hemi-
cords, of their relationships with the spicule and any
related malformations.

Developmental mass lesions

Of these lesions the one most often associated with
OSD, after lipoma, is the dermoid. We had no case
of epidermoid, probably because, developing so
slowly, they do not often manifest themselves until
adulthood (20-50 years) [54}.

Dermoids account for some 10% of spinal tu-
mors before the age of 15. They are due to the inclu-
sion of ectodermal and mesodermal tissue rests and
in a fair percentage of cases are associated with a
dermal sinus (Table 1). The fistula, lined with stra-
tum germinativum, extends from the skin surface to
a variable depth, often contracting connexions with
the spinal structures and their contents. Its course is
variable but is frequently craniocaudal (72%) (24, 49],
as it was in all our cases scanned with MR (Fig.10).
The terminal portion may communicate directly
with a dysontogenetic lesion [50]. On CT scanning a
dermoid usually images as a hypodensity of variable
degree (Fig.11a, b), which does not always enhance
on intravenous injection of contrast. Sometimes it
possesses a capsule, which may enhance. Difficulties
may arise in the differential diagnosis from possible
intramedullary lesions, especially when they lie in
the rostral portions of the spinal canal. The relation-
ship with adjacent structures are always rather com-
plex.

In our series the MR signal intensity pattern was
similar to the CT density pattern of this malfor-
mation. The lesion “tends to conceal itself”, is
hypointense in the T1- (Fig.11¢) and isohypoin-
tense versus the cord parenchyma in the T2-
weighted sequences (Fig.11d). Accurate study of
the signal, however, as a rule permits indentifica-
tion of the lesion and differentiation from the
neighboring structures so that a fairly clear mor-
phology emerges.
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Fig.9a-d. Diastematomyelia. aCT: axial scan. Malformed thoracic verte-
bra with thick bony spur. b-d MR: SE TR 300 - TE 20, coronal scans. Dupli-
cation of the spinal cord at the thoracolumbar junction with low tethered cord
(big white arrow), oblique bony spur (white arrow)

Fig.10a, b. Dermal sinus and low tethered cord. MR: aSE TR 500
TE 30, b SE TR 2000 TE 60. Sagittal scans, dermal sinus lying craniocau-
dally, low tethered cord (arrows)

Fig.11a-d. Dermoid of the cauda equina. a, b: Myelo-CT: axial scans.
Large hypodense intradural mass (asterisk); small residues of intrathecal
contrast medium. Schisis of the posterior arch, dural sac faintly hyper-
dense (b)due to slight diffusion of the contrast medium below the
dermoid. ¢, d MR:sagittal scans. ¢ TR 450 TE30. Ovoid lesion, with
signal intensity like that of CSF, at L3, L4, LS (white arrows). d TR 750
TE 100. Signal intensity like that of cord parenchyma and greater that that
of CSF (black arrows)



Fig.12a-d. Dermoid associated with lumbar CSF cyst. a, b) CT scan with
contrast medium. a Rostral scan imaging two intradural areas of different
densities surrounded by a hyperdense rim. b More caudal scan showing a
lesion of increased density (star), bounded by a hyperdense ring, occupyng
the greater part of the dural sac. ¢,d MR: sagittal scans. TR 500 TE 30 and
TR 1500 TE 70. MR demonstrated the presence of craniad CSF-containing
lesion (asterisk) and of a second, caudad, lesion attributable to a dermoid
(star). Presence of a dermal sinus

Fig.13a-d. Lumbar teratoma. a MR: sagittal scan. TR 500 TE 30. Large
mass (star) of variable intensity and density to the apex of which the conus
is attached; ectasia of the spinal canal and scalloping of the vertebral

bodies. b-d CT: axial scan. Diastematomyelia suggested by the presence of
a bony spur (arrows)

Fig.14a-e. Caudal regression syndrome (type 3). a Plain X-ray. Agenesis
of L5 and of the sacrum-coccyx. The ilia articulate with the sides of the
lowest vertebra present. b Myelography. The dural sac stops at L1 level ; the
root pouches break up in the soft tissues (arrow) ¢ CT: direct sagittal scan.
Dysmorphic lumbar vertebrae. Associated lipoma (L). Thoracolumbar ky-
phosis. Virtual spinal canal. d, e Axial CT. Alae ilii articulate with the last
lumbar verebra, spinal canal absent. In the lower scans the alae ilii ap-
proach the midline
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We had a few problems in demonstrating these le-
sions precisely, when they were associated with other
lesions, as in the case in Fig. 12, in which operation re-
vealeda CSF cyst. Thevariability of signalintensity was
duetothevariability of the histopathological texture.

Teratoma [51] posed pratically no problems: it
is a true tumor, given the almost constant pres-
ence of the three constituents of the germ layer,
was recognizable both on the MR (Fig.13a) and
on the CT scans (Fig.13b-d). In our case, in addi-
tion, MR revealed the close ties between conus
and tumor, which proved to be associated with

Fig.15a-e. Lipoma and tethered cord. a, b Myelography. Different patterns of amputation and de-
formation of the dural sac. ¢,d CT: axial scan and coronal reconstruction. Cervicothoracic intra-
medullary lipoma. e Myelo-CT: direct sagittal scan, lipomyelomeningocele

Fig.16a, b. Lipoma and tethered cord. Myelo-CT: axial scan. Probably subpial injection of the con-
trast medium (star)

hints of diastematomyelia, like the bony spicule in
Fig.13b.

In the cases of dermal sinus the fistula was
exceedingly hard to detect because of its oblique lie.
Detection would be possible only here and there, or if
the course were parallel to the planes of study. With
sagittal MR scans the problem was overcome.

Caudal regression [55, 56]

The caudal regression syndrome is a very rare ver-
sion of OSD and is characterized by a series of ab-



normalities including, in a variety of combinations,
sirenomelia, lumbosacral agenesis (Fig. 14a), genital
malformations, renal dysplasia, anal atresia and pul-
monary hypoplasia [1]. The disturbance of em-
bryogenesis occurs before the 4th week. Our case
may be classified as a type III dysgenesis (21%) in
the classification proposed by Renshaw [56] in 1978,
associated with a large subcutaneous lipoma
(Fig.14b-e).

Conclusions

In the pre-CT era the combination of a precise clini-
cal pattern with X-ray images of the spine could
prompt a suspicion of OSD. The suspicion inevi-
tably led to the performance of a myelogram, which
as inevitably supplied an incomplete picture of the
malformation (Fig.15a, b).

A standard CT scan together with reconstruc-
tions allowed good discrimination of the bony struc-
tures, fair visualization of a lipoma and only a vague
picture of the cord and root components (Fig.15¢,
d). Intrathecal contrast (myelo-CT) supplemented,
when possible, by direct sagittal scans, permitted
closer analysis of the connexions among the various
components of the malformation (Fig.15¢).

With MR an accurate and almost complete study
can be made of these lesions in all their complexity
(Fig.8), thus obviating the risk of puncturing a mal-
positioned cord (Fig.16a, b). CT maintains its ad-
vantage and is still crucial to the evaluation of the
bony landmarks. The greater the anatomical com-
plexity of a dysraphism, the greater the advantage of
combining MR and myelo-CT. Even so, some fea-
tures of a malformation may still be far from clear.
As reported by Dachling Pang, there is, for example,
no solution as yet to the problem of discriminating
the conus from the thickened filum terminale in
some versions of the tethered cord syndrome. In
such cases the surgeon is faced with the same prob-
lem even with the operating microscope. It would
seem appropriate, indeed, to call the combination
of conus-thickened filum terminale “neurofibrous
structure”.

Apart from such extreme cases, it is now possible,
through the advances made by neuroradiological
procedures, to reach a precise radiological diagnosis
of OSD and so arrive at a better preoperative ap-
praisal and more satisfactory clinical results.
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